Freshwater crayfish are among the most endangered animals in Europe. Information on freshwater crayfish in the Italian province of South Tyrol was insufficient until the recent studies on their historical and present distribution, which showed the alarming facts that only 15 standing and running waters remained as freshwater crayfish habitats, carrying the native Austropotamobius pallipes and the allochthonous Astacus astacus, Orconectes limosus, and Pacifastacus leniusculus. Still ongoing alterations or degradation of water bodies have contributed to the high degree of population decline and loss. While the exotic crayfish O. limosus and P. leniusculus could develop higher densities, most of the autochthonous A. pallipes populations were weak and consisted only of a few individuals. Three populations of A. pallipes, however, remained in a good condition, representing potential sources for recovery programs. Protection measures currently carried out in South Tyrol involve breeding, restocking and reintroduction of autochthonous A. pallipes individuals in ecological intact water bodies.
INTRODUCTION
Freshwater crayfish are among the most endangered species of European lakes and rivers. The crayfish plague, Aphanomyces astaci Schikora, a fungus formerly endemic to North America but introduced to Europe towards the end of the 19 th century, and predominantly the multiple degradation of rivers and lakes by human activities were responsible for the decline of autochthonous crayfish populations in many European regions.
Accordingly, in Austria both the noble crayfish Astacus astacus (Linnaeus, 1758) , well recorded in North/East Tyrolean waters since the Middle Ages (FÜREDER and MACHINO, 1999a) , and the autochthonous stone crayfish Austropotamobius torrentium (Schrank, 1803) are considered as highly endangered species (PRETZMANN, 1994) . In the Italian province of South Tyrol (= Bolzano), the autochthonous white-clawed crayfish Austropotamobius pallipes (Lereboullet, 1858) is also reported to be highly threatened (BALDASSI, 1993; ADAMI and GASSER, 1994; HELLRIGL and THALER, 1996) .
From historical data, however, one can conclude that freshwater crayfish were formerly distributed wider and crayfish locations were found in many lakes, brooks, and rivers throughout Noth/East Tyrol and South Tyrol till the beginning of the 20 th century (FÜREDER and MACHINO, 1999a) .
Between countries as well as regions there were vital trades providing individual water bodies with economic value. But during the last two centuries, habitat alteration and degradation, like river regulation, damming, and amelioration of swamps and wetlands, were responsible for the decline of natural crayfish populations because these transformations by human caused a major loss of natural habitats. Whereas increasing higher amounts of particulate and dissolved organic matter through water pollution were reported to have a negative effect on some species, toxic substances are considered to harm all species. Accordingly, water pollution, river regulation, and the introduction of exotic and allochthonous crayfish species have changed the natural habitat and the situation of crayfish species, leading to a progressive decrease of distribution areas and the decline of natural populations in Austria and neighbouring countries (FÜREDER and MACHINO, 1999a; FÜREDER and OBERKOFLER, 2000; PETUTSCHNIG, 2000; STUCKI, 2000) .
As in other regions of Austria and Italy as well as other parts of Europe, little information on freshwater crayfish was available from North/East Tyrol and South Tyrol Bull. Fr. Pêche Piscic. (2002 ) 367 : 651-662 (FÜREDER and MACHINO, 1998 . Only scattered knowledge from locally restricted investigation was available (e.g. FÜREDER and MACHINO, 1995 , 1996 MACHINO and FÜREDER, 1998) . In order to estimate the present situation of freshwater crayfish and to evaluate the level of their threat, distribution studies in whole Tyrol were started in 1998.
In this paper we provide comprehensive information on the present status of freshwater crayfish in the Austrian (North/East Tyrol) and Italian (South Tyrol) provinces of Tyrol, concentrate on reasons for the decline of populations in South Tyrol, and discuss examples of protection measures in ongoing projects for the threatened Austropotamobius pallipes as one of the only two autochthonous crayfish species in Italy (i.e. A. pallipes and A. torrentium, see MACHINO, 1996; DELMASTRO, 2000) .
METHODS
Historical and recent information on crayfish locations was collected through comprehensive literature and data research (detailed preliminary results were provided in FÜREDER and MACHINO, 1999a) and used in both provinces as a base for proceeding investigations. A questionnaire was sent to responsible governmental departments, environmental agencies, fishery authorities, owners, and tenants of lakes and fishing rights, as well as various other people.
In the identified regions potentially carrying crayfish, running and standing waters known and/or suspected to hold freshwater crayfish were investigated, mainly during the warm months. Field work was carried out from 1998 to 2001. As a first orientation, the water bodies in consideration were assessed for describing their ecological status, habitat condition, and existing impacts; adapting the assessment form from BOHL (1989).
Collecting methods used were various, depending on type, size and depth of the water body or sampling reach. They were performed generally by observations and hand catches during the night but where waters were too deep, crayfish traps were fished for one night and emptied the following morning.
All results were included in a database with the necessary details of the record, GIS-based distribution maps were produced for each region.
RESULTS AND DISCUSSION

Freshwater crayfish species in the provinces of Tyrol
The present freshwater crayfish inventories resulted in records of five species being found in the Austrian province of North/East Tyrol, while in the Italian province of South Tyrol four species live (Table I) . In North and East Tyrol the noble crayfish Astacus astacus and the stone crayfish Austropotamobius torrentium are considered autochthonous species, and in South Tyrol the white-clawed crayfish Austropotamobius pallipes only. Three allochthonous species occur in North/East Tyrol, i.e. the narrow-clawed crayfish Astacus leptodactylus (Eschscholz, 1823), the white-clawed crayfish A. pallipes and the signal crayfish Pacifastacus leniusculus (Dana, 1852); in South Tyrol allochthonous species are the noble crayfish A. astacus, the signal crayfish P. leniusculus, and the spiny-cheek crayfish Orconectes limosus (Rafinesque, 1817).
Table I
Freshwater crayfish water bodies in North/East and South Tyrol: occurring species and number of water bodies (lake and its outflow are considered as one water body). The present investigation resulted in a total of 15 crayfish locations in the water bodies of South Tyrol (Table I, Figure 1 ). Most crayfish waters carried the autochthonous crayfish Austropotamobius pallipes, and only one location had Astacus astacus, which turned out to be the first record for noble crayfish for Italian Tyrol (OBERKOFLER et al., 2002) . Each of the two North American species occurred in one water body (MACHINO, 1997; FÜREDER and MACHINO, 1999b; OBERKOFLER, 2000) : O. limosus in Vahrner See, an artificial lake north of the town of Brixen (= Bressanone), and P. leniusculus in the Auenbach.
Tableau
In North/East Tyrol in Austria, where a total of 44 running and standing waters with crayfish populations was reported (FÜREDER and HANEL, 2000) , four European species and one American species were found: A. astacus in most waters (27 lakes or ponds, eight streams), A. torrentium in two (one river and one lake), A. pallipes in three (two lakes and one pond), A. leptodactylus in three ponds, and P. leniusculus in one pond.
Owing the mountainous topography of both provinces, freshwater crayfish generally occurred at lower elevations in lakes and rivers of the bigger valleys, where temperature regime and channel stability enable the successful survival of crayfish populations. In South Tyrol, only one location with A. pallipes is situated above 1 000 m a.s.l. (the Krebusbach), five were found between 600 and 1 000 m a.s.l., and nine between 200 and 600 m a.s.l.
There tends to be a strong decrease in number of crayfish waters in all parts of Tyrol (of Austria and Italy), given the information that about 50 locations were recorded in literature (FÜREDER and MACHINO, 1999; OBERKOFLER, 2000) . The comparison with former distribution studies in South Tyrol shows that even within the last two to three decades, the crayfish situation became worse (Table II) . The « apparent » higher number of recent crayfish sites is simply a result of a more detailed and extensive study by OBERKOFLER (2000) . In the different parts of the province, the populations either declined or became extinct. At one location (Auenbach) the introduction of exotic species wiped out the native A. pallipes. Bull. Fr. Pêche Piscic. (2002) 
Land-use activities and freshwater crayfish
Historical records provided evidence that freshwater crayfish had a wider distribution in several areas of North/East Tyrol and South Tyrol. These historical crayfish records were located especially in the broader main valleys, where variable water bodies and courses developed under natural conditions (from wetlands, ponds, and slow to fast flowing rivers), as well as on higher plateaus. However, in a mountainous area like Tyrol, these flat and exposed areas were regarded ideal for settlement and cultivation. Channel alteration and drainage measures of wetlands were the consequence of increasing land-use activities. Although in most cases the actual cause for crayfish loss and decline is difficult to ascertain, land use and cultivation practices seem to be one of the major threats to native freshwater crayfish. In our investigation we characterized a selection of 120 water courses, recorded either as historical/present or potential (when located in the vicinity of a record) crayfish water. Almost 40% the stream sectors investigated had between no and little riparian vegetation (Figure 2) . Bull. Fr. Pêche Piscic. (2002) 
Results from habitat assessments in South Tyrol carried out at 120 stream sectors selected according to historical and present crayfish records.
Figure 2 Résultats de l'évaluation des habitats, effectuée dans le Tyrol du Sud, sur les 120 secteurs de ruisseaux choisis d'après les données historiques et actuelles sur les écrevisses.
To some extent, riparian vegetation can be portrayed as an indicator of degree of naturalness and habitat availability. On the other hand, the lack of riparian vegetation is reflecting malfunction and ineffective buffer strips. Riparian corridors are considered an essential landscape element for protecting freshwater ecosystems from agricultural and industrial effluents (Figure 3 ).
Foreign crayfish species in North and South Tyrol
After the decrease of native crayfish populations in European waters, doubtful attempts were performed in several regions of Austria and Italy to introduce exotic species, like the signal crayfish P. leniusculus and the spiny-cheek crayfish O. limosus. UNESTAM (1975) already warned that not only uncontrolled transfer of crayfish may introduce new crayfish parasites which can alter and seriously harm other animals, including man, but also crayfish themselves may be vectors of fish pathogens such as viruses. Harmless commensals or parasites on introduced crayfish may become aggressive to autochthonous crayfish or to other animals in the new environment. The new crayfish may also become a pest itself.
An example of the introduction of organisms with non-native crayfish is well known in Europe, having resulted in population losses of autochthonous crayfish in many regions (HOLDICH, 1988; LOWERY and HOLDICH, 1988) . The signal crayfish Pacifastacus leniusculus has been introduced into several European countries since the 1960s and is now widely distributed in Europe. It is currently displacing the native crayfish Astacus astacus in Sweden and Austropotamobius pallipes in the U.K. (SÖDERBÄCK, 1995; HOLDICH and DOMANIEWSKI, 1995) . A powerful mechanism governing these species replacements is the transmission of the crayfish plague. Being itself resistant against the crayfish plague, P. lenuisculus acts as a vector of the disease which causes complete mortality in all European crayfish species (ALDERMAN and POLGLASE, 1988; ALDERMAN et al., 1990) . Indeed several countries have been affected and some regions are still suffering from the crayfish plague. Moreover, mixed populations of apparently plague-free P. leniusculus with A. astacus or A. pallipes have ever been documented (HOLDICH and DOMANIEWSKI, 1995; SÖDERBÄCK, 1995) . In these populations, P. leniusculus gradually replaced the native crayfish, suggesting that behavioural or ecological mechanisms may be sufficient to cause species replacements.
In Switzerland STUCKI (1997) recently reported P. leniusculus from several locations. VORBURGER and RIBI (1999a) expected P. leniusculus to spread successfully and threaten the remaining populations of the native crayfish species A. astacus, A. pallipes and A. torrentium. Of particular concern is its possible effect on A. torrentium, a rare species in Switzerland about which little is known. There it is restricted to the north eastern and central parts of the country (BÜTTIKER, 1988) , inhabiting small brooks, but also forming lake populations. No sympatric populations of P. leniusculus and A. torrentium are known so far, but VORBURGER and RIBI (1999b) expected these two species to come into contact within a few years. Bull. Fr. Pêche Piscic. (2002) 367 : 651-662 -658 - Also in Austria P. leniusculus was introduced into many lentic and lotic waters (PÖCKL, 1999) .
All the American species in North Tyrol (P. leniusculus) and South Tyrol (O. limosus and P. leniusculus) are a great threat to the remaining autochthonous populations. In South Tyrol, at one location with signal crayfish (i.e. the Auenbach), the autochthonous A. pallipes has already been replaced by this foreign species and is totally extinct now. Also in Vahrner See the presence of spiny-cheek crayfish suppresses any hope of reintroducing the native crayfish species (Table II) . Now the neighbouring native crayfish are in danger (e.g. FÜREDER and MACHINO, 1999b) . Since both exotic populations are restricted to single water bodies, effort should be put into trapping and electro-fishing to obtain a sustained decline and final deletion of the populations. The alarmingly low number of native crayfish populations in South Tyrol strengthens this argument.
Future prospects for Tyrolean freshwater crayfish
In North/East Tyrol and South Tyrol, the results of our current crayfish inventories provided water authorities, environmental protection agencies and the public with the alarming fact that freshwater crayfish dramatically declined, compared to their historical distribution (see Figure 1 ; FÜREDER and MACHINO, 1999a) .
Giving the evidence of current threats in South Tyrol, such as the presence of allochthonous species potentially carrying the crayfish plague, ongoing degradation of water bodies, and intensified land-use practices in the catchments, the low number of crayfish waters guarantees the native crayfish neither to recover nor even to survive. Without human action, these last remaining populations would decline further or disappear.
Nevertheless, optimistic evidence is provided by the enhancement of environmental conditions in some areas (waste water treatment, reduction of pesticides and herbicides) and the improvement of structural conditions of water courses, therefore providing potential suitable habitats for the introduction or re-stocking of native crayfish species. Public awareness also increased, a prerequisite of environmental protection strategies.
The ongoing decline and acute threats to native crayfish populations require specific measures for improvement of the situation. Measures for sustainable protection of crayfish habitats are considered as a priority objective in stream ecology and nature conservation. In Tyrol (of Austria and Italy), we started several projects in collaboration with water authorities and environmental protection agencies in order to provide specific knowledge on the decline of the autochthonous species in individual water bodies, like A. torrentium in North Tyrol, A. astacus in East Tyrol and A. pallipes in South Tyrol, coupled with riverrestoration measures and well-balanced examples of re-introduction in intact or restored water bodies. The performance of these projects follow a general common strategy with adaptations to regional characteristics: -a substantial prerequisite for healthy crayfish populations is an intact freshwater habitat. Suggestions and measures include improving structural conditions (stream restoration) and reducing environmental stress (riparian corridors buffering agricultural and industrial effluents).
-detailed investigations on individual crayfish populations, breeding, re-introductions and re-stockings will enhance the situation on a regional perspective.
-public relations and information are important in all phases of the projects. Bull. Fr. Pêche Piscic. (2002) 367 : 651-662 These protection measures in the province of South Tyrol were started in 1999. But for a sustainable protection of species and improvement of the precarious situation, continuous detailed observation and long-term monitoring, accompanied by ecological experiments and investigations, are essential prerequisites. The embedding into national and international programs and projects will strengthen further local activities to support the survival of native freshwater crayfish, comprising a unique culture-historical and ecological value.
As a general observation on the status of freshwater crayfish in North/East Tyrol and South Tyrol, one must state that compared to other areas of Central Europe only a few crayfish locations now remain. Present distribution studies and inventories showed that especially the structural changes of rivers and lakes as well as the careless and intensive land-use activities led to a dramatic decline of crayfish waters. The value of the remaining populations reaches a high significance, not only because they are the real last ones of their kind in Tyrolean waters but also because they can be regarded as indicator organisms for the reference conditions of stream and lake habitats. A species group with which man still combines history and culture (fasting meals, royal hunting and fishing activities) as well as memories of childhood (crayfish chasing was well known in former times among children), proposed management plans should support and establish a new relationship between human and crayfish.
